"'In-labeled platelet scintigraphy and two-dimensional echocardiography were performed in 40 dogs to determine the ability of the two techniques to detect left atrial appendage thrombi. Thrombi were induced in 33 dogs that were classified into two groups, "acute" or "chronic," according to the time of labeled-platelet injection after thrombus induction. In the acute group (17 dogs), platelets were injected 24 hours after thrombus induction. In the chronic group (16 dogs), platelets were injected 4-8 days after thrombus induction. "Sham' thoracotomies were performed on seven additional control dogs who did not receive thrombin injections. Analog and blood pool-corrected "'In-labeled platelet scintigraphy images were obtained 4-72 hours later. Closed-chest two-dimensional echocardiography was performed before thoracotomy and repeated at the time of scintigraphy. The location and size of each thrombus were verified at autopsy. Two-dimensional echocardiography detected three of 17 acute (mean volume, 1.2 ± 1.0 cc) and three of 10 chronic (mean volume, 0.4 0.3 cc; p<0.025) left atrial appendage thrombi. "'In-labeled platelet scintigraphy detected all 17 acute thrombi but only two of 10 chronic thrombi. The measured radioactivity levels of the excised thrombi were 1,949 ± 1,665 cpmlclot/ dose in group 1 and 228 ± 213 cpm/clot/dose in group 2 (p<0.005). In this model,`1In-labeled platelet scintigraphy was able to detect acute left atrial appendage thrombi that could not be identified by two-dimensional echocardiography. Both techniques showed poor sensitivity for detection of chronic thrombi. The decline in sensitivity of "'In-labeled platelet scintigraphy for detection of older thrombi is probably due to diminished labeled-platelet incorporation. (Circulation 1988;78:1040-1046 Left atrial thrombi are present in 10-25% of patients with rheumatic mitral valve disease; in approximately one half of these patients, systemic embolization will occur.' Autopsy studies have shown that thrombi are limited to the left atrial appendage in 41 % of patients with mitral stenosis and systemic embolization. In addition, up
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Materials and Methods Thrombus Induction
Forty mongrel dogs were intubated and ventilated with positive pressure after receiving sodium pentobarbital for anesthesia. Thirty-three dogs underwent induction of a left atrial appendage thrombus; seven additional control dogs underwent a "sham" operation. All dogs were placed in the right lateral decubitus position over a "cut-out" in the imaging table. The cut-out permitted placement of an ultrasonic transducer against the right thorax. After a baseline 2-D echo study was performed, a thoracotomy was performed, and the heart was exposed in a pericardial cradle.
The method of left atrial appendage thrombus induction that was attempted on each of the 33 dogs was developed in preliminary experiments. A polyethylene catheter was inserted into the left atrial appendage. To obtain a broad range of thrombus sizes and weights, the appendage was variably clamped between its base and its midportion. After clamping the appendage, 1,000-1,500 units thrombin and 3-7 ml blood were injected into the appendage through the catheter. One to 3 minutes after thrombin-blood injection, the clamp was removed. The presence of thrombus was confirmed by direct palpation; if no thrombus was palpated, additional thrombin-blood injections were performed until a thrombus was evident. We then reapproximated the pericardium, closed the chest, and allowed recovery for 1-7 days in a special-care facility.
The seven control dogs had also been used in a related study of experimental left ventricular thrombi.'2 These animals underwent thoracotomy, but no thrombin was injected into the left atrial appendage or the left ventricle. As in the 33 study animals, the pericardium and chest were then closed. Preparation of "'In-Labeled Platelets
The 33 dogs undergoing thrombus induction were divided into an "acute" group, receiving 3'llnlabeled platelet injection 24 hours after thrombus induction (group 1) and a "chronic" group, receiving "I1n-labeled platelet injection [4] [5] [6] [7] [8] oblique and right posterior oblique projections. "'In images were acquired for 200,000 counts by a 10% window centered over the 247-keV photopeak and a 5% window centered over the 173-keV photopeak. 99mTc images were also acquired for 200,000 counts by a 5% window centered over the 140-keV photopeak. Blood pool-corrected images were generated from the "'In and 54mTc images by a modification of the method described by Seabold and colleagues'2 and Powers and colleagues.'4 Two independent observers reviewed the analog and blood pool-corrected images; they had no knowledge of the 2-D echo results, the surgical results, or the imaging time relative to the injection of`'Inlabeled platelets. The images of the control dogs were intermixed at random with the images of the study dogs. An "`In-PS was interpreted as positive if discrete localization of radioactivity was identified in the region of the left atrium ( Figure 1) ; for the statistical analysis, equivocal or uncertain studies were treated as negative interpretations. Disagreements between the two observers were resolved by consensus.
Group 2. After platelet injection, imaging was performed at 24, 48, and 72 hours. The imaging protocol and interpretation were the same as for group 1.
Two-Dimensional Echocardiography Group 1. 2-D echo was performed within 24 hours before thoracotomy and repeated either immediately before or after the final scintigraphic examination. Real-time echocardiography was performed with an ATL-Ultramark 8 ultrasonoscope (Seattle, Washington) with a 5.0-MHz mechanical head transducer (11 dogs) or with a Toshiba SSH lOA ultrasonoscope (Tokyo, Japan) with a 2.4-MHz phased-array transducer (six dogs); each study was recorded on 3/4-in.
U-matic videotape. Multiple views were attempted, including views equivalent to the standard parastemal long-axis and short-axis views. Modifications of the apical four-chamber and the parasternal oblique shortaxis views were also obtained.
The control and postoperative 2-D echo studies were interpreted by one independent observer who had no knowledge of the "'In-PS results, the surgical results, or the time of imaging relative to the time of thrombus induction. A 2-D echo study was interpreted as positive if a discrete echogenic mass was identified as protruding into the body of the left atrium or if an echogenic density was identified in the left atrial appendage distinct from the atrial myocardium ( Figure 2) . Group 2. 2-D echo was performed within 24 hours before thoracotomy and within 3 days of the final scintigraphic examination. All echocardiograms were performed with the ATL-Ultramark 8 ultrasonoscope with a 5.0-MHz transducer. Verification of Thrombus Induction Group 1. Forty-eight hours after the injection of "In-labeled platelets, or as soon as scintigraphy (Table 3) .
Analog`I11n-PS images were interpreted as positive in 14 of the 17 dogs that underwent thrombus induction, whereas blood pool-corrected images were interpreted as positive in 16 of the 17 dogs that underwent thrombus induction. One of the studies (dog 10) was positive on both analog and blood pool-corrected images obtained 4 hours after platelet injection. Analog images obtained 24 hours after platelet injection were positive in an additional 12 studies, whereas blood pool-corrected images were positive in 14. Two dogs with negative 4-hour and 24-hour`1In-PS underwent 48-hour scintigraphy. One of these studies (dog 1) had positive analog and blood pool-corrected images. In the other (dog 3), 48-hour images were negative by both techniques. All of the`'In-PS studies obtained in the seven sham-operated dogs were interpreted as negative. Therefore, with analog plus blood pool-corrected images, "'In-PS achieved a sensitivity of 94% and a specificity of 100% for acute thrombi. Table 2) .
2-D echo detected autopsy-verified thrombi in three of 10 dogs. There was one false-positive 2-D echo. All 16 control 2-D echo examinations were negative. Thus, the sensitivity was 30%, and the specificity was 94% (Table 3) .
Analog`1In-PS images were interpreted as positive in only one of 10 dogs that had thrombus present at autopsy. Blood pool-corrected images were positive in only one of the 10 dogs; the analog study interpreted as positive was negative with blood pool-correction. All of the "`In-PS studies in the six dogs without a thrombus were negative. Thus, "'In-PS achieved a sensitivity of 20% with a specificity of 100% in dogs with chronic thrombi.
Discussion A simple animal model was developed to assess the ability of two imaging techniques to detect thrombi confined to, or arising from, the left atrial appendage. In this model, "'In-PS showed good sensitivity and specificity for detecting fresh thrombi in the appendage. However, the sensitivity of "'In-PS declined for older thrombi. The sensitivity of 2-D echo was poor regardless of thrombus age.
The inability of 2-D echo to detect thrombi limited to the left atrial appendage has been reported by others in clinical studies.3-6 Shrestha and colleagues6 performed 2-D echo on 293 patients with rheumatic heart disease. They were unable to identify left atrial thrombi in 21 of 51 patients (41%) with confirmed thrombi. Eleven of these 21 thrombi were confined to the left atrial appendage. Of the 10 remaining false-negative studies, four were very small thrombi, and three were layered mural thrombi. Similarly, Schweizer and colleagues3 were unable to detect eight of 12 left atrial thrombi (67%) that were later confirmed at surgery. Four of the eight false-negative 2-D echo studies had small thrombi confined to left atrial appendage.
In the current experimental study, many of the thrombi that could not be detected by 2-D echo were similar to those described in previous clinical studies. For instance, 11 of 17 (65%) of acute thrombi were confined to the left atrial appendage. Nine of these 11 thrombi were small, weighing less than 1.0 g or displacing less than 1 ml in volume. All of the thrombi in the chronic group were confined to the left atrial appendage and weighed 1.0 g or less.
However, the canine model used in this study differs in one important aspect from the usual clinical situation. The left atrial appendage was not dilated as it usually is in patients with mitral stenosis and chronically elevated left atrial pressure. A dilated atrium and atrial appendage might facilitate echocardiographic detection of thrombi in clinical studies. It might also allow for more surface area of the thrombus to be exposed to circulating labeled platelets.
The canine 2-D echo were performed with two different transducers in the acute group; the 2.4-MHz instrument missed one of the thrombi protruding into the left atrium, whereas the 5.0-MHz instrument missed two of these large thrombi. Thus, in this study, a higher frequency instrument with higher resolution did not facilitate thrombus detection.
Clinical experience with "`In-PS for detection of left atrial thrombi is limited. Benichou and colleagues16 reported two patients with left atrial thrombi identified by both 2-D echo and "'In-PS. However, they were unable to verify the presence reported two patients with positive "`In-PS for left atrial thrombi, but one of the 2-D echo studies was negative. Again, no pathological confirmation was provided in these cases. In a study by Yamada and colleagues,18 four of five left atrial thrombi verified by surgery or autopsy were detected by platelet scintigraphy. Although age was not certain, they were presumably chronic because they were associated with mitral stenosis. Their clinical results were more encouraging than our experimental data for detection of chronic thrombi, but only two of the thrombi in their clinical study were limited to the atrial appendage, one of which was not detected by scintigraphy. In addition, three of the five thrombi were large, weighing 40-66 g, and were located along the left atrial posterior wall. Thus, their results may have been related to relatively larger thrombi located in the left atrium.
In the current experimental study, the sensitivity of "'In-PS for acute thrombi was 94%, and the specificity was 100%. Interestingly, the accuracy of "'In-PS was not influenced by acute thrombus location or size. All thrombi that protruded into the left atrium, and 10 of 11 thrombi confined to the atrial appendage were detected. One 0.8-g thrombus confined to the atrial appendage was not detected by "'In-PS. Although the size of this thrombus was smaller than the mean, other thrombi weighing between 0.2 and 0.6 g were successfully detected by "'In-PS. Failure to detect the 0.8-g thrombus was most likely due to poor incorporation of labeled platelets. This thrombus also had low "'In counts and was poorly visualized after the heart was removed, drained of blood, and reimaged.
The poor correlation between the in vitro radioactivity and the thrombus weight is probably related to labeled-platelet incorporation occurring primarily at the surface of the thrombi. Ezekowitz and colleagues" demonstrated that for chronic thrombi, the radioactivity at the thrombus surface exceeds the activity in the deeper portions of thrombus by at least 9.7 + 1.3 times.
In this series, two of four studies with negative 24-hour analog images had positive blood poolcorrected images. However, blood pool-corrected images may not be necessary if scintigraphy is performed more than 48 hours after platelet injection. Verheught and colleagues8 found no improvement in detection of left ventricular thrombi by using blood pool-corrected images obtained 48 hours after platelet injection. In the present study, one acute thrombus was not detected until 48-hour imaging, and both analog and blood pool-corrected images were positive. Over time, the ratio of radioactivity incorporated in the thrombus improves compared with blood-background activity, and delayed images might not require blood poolcorrection. ' In conclusion,`11In-PS detected most acute thrombi in the canine left atrial appendage, whereas transthoracic 2-D echo was able to detect acute thrombi only when they extended into the chamber of the left atrium. The sensitivity of "'In-PS in the detection of the chronic left atrial appendage thrombi was much less than that for acute thrombi. This difference is probably due to decreased thrombus propagation with diminished labeled-platelet incorporation as the thrombus ages. The results of this study suggest that "'In-PS is a good technique for the detection of acute or fresh left atrial thrombi but is less promising for detection of chronic thrombi. Additional clinical studies, with autopsy or surgical validation, will be necessary to confirm the results obtained in this experimental model.
